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1
VALVE ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the national stage application of, and
claims priority to, International Application No. PCT/
(GB2012/053137 filed Dec. 14, 2012, which was published 1n
the English language on Jun. 27, 2013 as International Pub-
lication No. WO 2013/093433. International Application No.
PCT/GB2012/0531377 claims the benefit of United Kingdom
Patent Application No. 1122011.8 filed Dec. 21, 2011 and
United Kingdom Patent Application No. 1205382.3 filed
Mar. 27, 2012.

DESCRIPTION OF INVENTION

The invention relates to a valve assembly, 1n particular to a
valve assembly for use 1n a vehicle braking system 1n regu-
lating the flow of pressurised fluid to a fluid pressure operated
brake actuator.

Vehicle braking systems typically include a valve assem-
bly known as a modulator which 1s connected to a source of
pressurised fluid, the modulator being used to amplity the
tlow of pressurised tluid to and from a fluid pressure operated
brake actuator. The modulator has a supply inlet which 1s
connected to the source of pressurised fluid, a delivery port
which 1s connected to the brake actuator and an exhaust outlet
which 1s connected to the atmosphere (or any other low pres-
sure volume), and can adopt a build position in which tlow of
fluid between the supply inlet and the delivery port 1s permit-
ted, an exhaust position 1 which flow of fluid between the
delivery outlet and the exhaust outlet 1s permitted, and a hold
position in which flow of fluid between any two of the exhaust
inlet, delivery port and exhaust outlet 1s substantially pre-
vented.

In conventional braking systems, control of the modulator
1s achieved using a pressurised fluid signal known as the
braking demand signal. When there 1s driver demand for
braking, the driver typically operates a foot pedal, and move-
ment of the foot pedal generates a fluid signal which 1s trans-
mitted to a control inlet of the modulator. Receipt of the
braking demand signal causes the modulator to move to the
build position, so that the supply of pressurised tluid from the
source of pressurised fluid to the brake actuator required to
operate the vehicle brake commences. When the fluid pres-
sure 1n the brake actuator approaches the pressure of the
braking demand signal, the modulator moves to the hold or
“lapped” position. Finally, when the driver releases the brake
pedal, there 1s no longer demand for braking, the braking
demand signal 1s removed, and the modulator reverts to the
exhaust position, so that the pressurised fluid 1n the brake
actuator acting to apply the vehicle brake 1s exhausted to the
atmosphere.

If the vehicle 1s provided with anti-lock braking, the brak-
ing system includes at least one electrically operable valve
which can override the braking demand signal. This 1s con-
trolled using an electronic braking control umt (ECU) in
accordance with conventional ABS control algorithms
momentarily to release the brake pressure by moving the
modulator to the exhaust position, or hold the brake pressure
by moving the modulator to the hold position, even 1f there 1s
braking demand, 11 wheel lock 1s detected.

In electronic braking systems, the braking system is pro-
vided with an electrically operable hold and an exhaust valve.
Operation of the foot pedal generates an electrical braking
demand signal, and this 1s transmitted to the ECU, which
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2

operates the hold valve and exhaust valve to control the
modulator to build, hold or release the pressure 1n the brake
actuator as described above. In this case, supply of fluid to the
control inlet 1s also from the supply of pressurised fluid.

According to a first aspect of the invention we provide a
valve assembly comprising an inner housing 1n which is pro-
vided a first port, a second port, and a third port, there being
located 1n the inner housing a valve member assembly which
1s movable between a first position 1n which the second port 1s
connected to the third port whilst the first port 1s closed, a
second position 1 which the first port 1s connected to the
second port whilst the third port 1s closed, and a third position
in which at least two of the first, second and third ports are
closed, wherein the valve assembly further comprises an
outer housing which 1s separate from and encloses at least part
of the inner housing, the outer housing having a first port and
a second port, the 1nner housing and outer housing each being
provided with first mating parts, which engage to provide a
substantially fluid tight seal between the 1nner housing and
the outer housing whilst enclosing a conduit for fluid com-
munication between the first port of the inner housing and the
first port of the outer housing, and second mating parts, which
engage to provide a substantially fluid tight seal between the
inner housing and the outer housing whilst enclosing a con-
duit for fluid communication between the second port of the
inner housing and the second port of the outer housing.

All modulators have some common standard features—the
supply 1nlet, a delivery outlet and an exhaust port. The loca-
tion and the size of the conduits which connect to the supply
inlet, and delivery outlet may vary from system to system.
The modulator may, for example, be located 1n a wheel-end
unit, 1.¢. directly adjacent the wheel 1t 1s used to brake, or 1t
may be located 1n a centrally located braking control unit for
a truck or a trailer. A central vehicle braking control unit
mounted on a truck may control operation of the truck brakes
only.

Moreover, the delivery outlet may be connected to more
than one working volume. For example, the number of brake
actuators controlled by one modulator varies from system to
system. It 1s common, for example, for all the brake actuators
associated with wheels on one side of the vehicle to be con-
trolled by a single modulator, whilst all the brake actuators
associated with wheels on one side of the vehicle to be con-
trolled by a different modulator. This 1s known as side-wise
control, and 1t will be appreciated that in this arrangement the
number ol brake actuators controlled by each modulator
depends on the number of braked wheels on the vehicle.
Axle-wise control 1s also used—where a modulator controls
the two brake actuators associated with the two wheels on a
single axle. It 1s also known to use a combination of side-wise
control and axle-wise control. For example, a braking system
may include a modulator for controlling the braking of both
wheels on the steering axle of the vehicle, a modulator for
controlling the braking of the remaining wheels on the left-
hand side of the vehicle, and a modulator for controlling the
braking of the remaining wheels on the right-hand side of the
vehicle. Alternatively, the modulator may be provided 1n a
wheel end unit directly adjacent the single brake actuator 1t
operates. It will, therefore be appreciated that the number of
fluid connections to the delivery outlet varies from system to
system.

Producing different configurations of modulator for all
these different types of braking systems 1s inconvenient, but,
by virtue of providing the modulator with an inner and outer
housing, the configuration of the inner housing and valve
member assembly may be standardised, whilst the configu-
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ration of the outer housing 1s tailored to fit a particular type of
braking system. Volume production of modulators may there-
fore be simplified.

The inner housing may be provided with a fourth port tflow
which 1s connected to the valve member assembly such that
the pressure of fluid at the fourth port controls movement of
the valve member assembly between the first position, second
position and the third position. In this case, preferably the
outer housing is also provided with a third port and a third
mating part which engages with a third mating part of the
inner housing to provide a substantially fluid tight seal
between the inner housing and the outer housing whilst
enclosing a conduit for fluild communication between the
tourth port of the imner housing and the third port of the outer
housing.

By virtue of the provision of this fourth port, the modulator
may be connected to a flmd pressure control signal, and the
fluid pressure control signal used to control movement of the
valve member assembly between the first, second and third
positions.

Preferably the inner housing encloses a volume and the
valve member assembly includes a movable element such as
a piston or diaphragm which main chamber, the first, second
and third ports extending into the main chamber, and the
tourth port extending into the control chamber.

Preferably the first port and the fourth port are provided in
the same side of the inner housing. In this case, the fourth port
in the 1inner housing may comprise a generally annular aper-
ture 1n the inner housing which surrounds and 1s substantially
coaxial with the first port.

Moreover, the imnner housing may be provided with a fifth
port flow which 1s connected to the control chamber and the
outer housing 1s also provided with a fourth port and a fourth
mating part which engages with a fourth mating part of the
inner housing to provide a substantially fluid tight seal
between the inner housing and the outer housing whilst
enclosing a conduit for fluid communication between the fifth
port of the mmner housing and the fourth port of the outer
housing.

Preferably the first port, the fourth port and the fifth port are
provided in the same side of the inner housing.

The outer housing may be provided with a plurality of ports
in fluid communication with the second port of the inner
housing.

The outer housing may be formed in two parts, the ports
being provided 1n a first part of the outer housing, and elec-
trical control components by means of which operation of the
or each electrically operated valve may be effected being
mounted on the second part.

The 1mnner housing may be placed 1n the outer housing by
translational movement 1n a first direction, and the inner
housing secured relative to the outer housing by a locking
means which comprises a locking part which engages with
the surface of one or both of the mner housing and outer
housing to prevent separation of the inner housing and outer
housing, release of the locking means to permit separation of
the inner housing and outer housing being achieved by shiding
the locking part along said surface 1n a second direction
generally perpendicular to the said first direction.

In one embodiment of the invention, the inner housing 1s
secured relative to the outer housing by means of a bayonet
connection.

In this case the inner housing may be provided with a male
bayonet connector formation which 1s located 1n a corre-
sponding recess provided in the outer housing.

Alternatively, the mnner housing may be secured relative to
the outer housing by means of a slide lock.
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Embodiments of the invention will now be described with
reference to the accompanying drawings of which,

FIG. 1 1s a schematic illustration of an embodiment of the
inner housing and valve member assembly suitable for use 1n
a valve assembly according to the invention, the valve mem-
ber assembly being 1n the exhaust configuration,

FIG. 2 1s a schematic illustration of the portion of the valve
assembly shown 1n FIG. 1 in the build configuration,

FIG. 3 1s a schematic illustration of the portion of the valve
assembly shown in FI1G. 1 1n the hold or lapped configuration,

FIG. 4 1s a perspective view of an alternative configuration
of the control piston suitable for use 1n a valve assembly
according to the invention,

FIG. 5 1s a schematic 1llustration of one embodiment of the
control valve assembly for a valve assembly according to the
imnvention,

FIG. 6a 1s a perspective view of the mner housing and
control valve assembly of a first embodiment of the valve
assembly according to the invention,

FIG. 6b 1s a plan view of the mner housing and control
valve assembly shown in FIG. 6aq,

FIG. 6¢1s a cross-sectional view through the inner housing
and control valve assembly shown 1 FIGS. 6a and 65 along
the line A 1n FIG. 65,

FIG. 6d 1s a cross-sectional view through a first embodi-
ment of valve assembly 1n accordance with the invention
including the valve member assembly, inner housing, control
valve assembly shown i FIGS. 6a and 65, and the outer
housing, along the line B 1n FIG. 65,

FIG. 6¢ 1s a cross-sectional view through the first embodi-
ment of valve assembly including the valve member assem-
bly, inner housing and outer housing along the line C in FIG.
60,

FIG. 7a 1s a perspective view of the mnner housing and
control valve assembly of a second embodiment of valve
assembly according to the imvention.

FIG. 7b 1s a plan view of the mner housing and control
valve assembly shown 1n FIG. 7aq,

FIG. 7c 1s a part-cross-sectional perspective view through
the imner housing and control valve assembly shown 1n FIGS.

7a and 7b along the line A 1n FIG. 75,

FIG. 7d 1s a cross-sectional view through the inner housing,
and control valve assembly shown 1n FIGS. 7a and 75 along
the line A 1n FIG. 75,

FIG. 8a 1s a perspective view of the mner housing and
control valve assembly of a third embodiment of valve assem-
bly according to the invention,

FIG. 85 1s a plan view of the mner housing and control
valve assembly shown in FIG. 8a,

FIG. 8¢ 1s a part cross-sectional perspective view through
the imnner housing and control valve assembly shown 1n FIGS.
8a and 8b along the line A 1n FIG. 85,

FIG. 84 1s a cross-sectional view through a first embodi-
ment of the valve assembly 1n accordance with the invention
including the valve member assembly, inner housing, control
valve assembly shown m FIGS. 6a and 65, and the outer
housing, along the line B 1n FIG. 65,

FIG. 9 1s a schematic illustration of an alternative embodi-
ment of the inner housing and valve member assembly suit-
able for use 1n a valve assembly according to the ivention,
the valve member assembly being in the exhaust configura-
tion,

FIG. 10 1s a perspective 1llustration of the alternative
embodiment of the mner housing and valve member assem-
bly 1llustrated schematically in FIG. 9,
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FIG. 11a 1s a perspective 1llustration of the inner housing,
and valve member assembly illustrated 1n FIGS. and 9 and 10
in an alternative embodiment of the outer housing, viewed
from above,

FIG. 115 1s a perspective 1llustration of the mnner housing
and valve member assembly illustrated in FIGS. and 9 and 10
in the alternative embodiment of the outer housing, viewed
from below, and

FIG. 12 1s a perspective illustration of the alternative
embodiment of the outer housing illustrated in FIGS. 11aq and
115,

FI1G. 13 1s an illustration of a partial cross-section through
a Turther alternative embodiment of the outer housing.

Referring now to the figures, there 1s shown a valve assem-
bly 110, comprising an inner housing 124 contaiming a valve
member assembly, and being located, 1n part, within an outer
housing 200.

One embodiment of the inner housing 124 and valve mem-
ber assembly suitable for use 1n the mvention 1s illustrated
schematically 1n FIGS. 1 to 5, and together these are herein-
alter referred to as a modulator 111. It should be appreciated,
however, that other configurations of the modulator (such as
those described 1 GB 2407131 or GB 2467957) could
equally be used with an outer housing 1n accordance with the
ivention.

In this example, the iner housing 124 1s generally cylin-
drical, and 1s provided with a first port, hereinatter referred to
as the supply inlet 112, which 1s adapted to be connected to a
source of pressurised fluid, typically a compressed air reser-
voir (not shown), a second port, heremnaiter referred to as the
delivery port 114, which 1s adapted to be connected to a fluid
pressure operated brake actuator (not shown), and third port,
hereinafter referred to as the exhaust outlet 116, which 1n this
example vents to atmosphere. It will be appreciated that the
exhaust outlet need not vent to atmosphere, and may instead
be connected to an alternative low pressure volume which
may be elsewhere 1n a vehicle braking system.

The modulator 111 1s provided with a first movable mem-
ber 126, hereinafter referred to as the control piston 126,
which 1s movably mounted in the inner housing 124. It should
be appreciated that the control piston 126 need not be a
piston—it could, for example, be a diaphragm. In this
example, the control piston 126 divides the inner housing 124
into two chambers—a control chamber 122 and a main cham-
ber 130. The supply mlet 112, delivery port 114, and exhaust
outlet 116 all provide access for fluid to flow into or out of the
main chamber 130, whilst a control port 123 1s provided in the
inner housing 124 to provide fluid flow to or out of the
control chamber 122.

In this example, the inner housing 124 has a generally
cylindrical side wall 1244, a generally circular top face 12456
which closes a first end of the side wall 124a, and an end cap
124c¢. In this example, the top face 1245 1s integral with the
side wall 124q, whilst the end cap 124c¢ 1s a separate compo-
nent. A sealing element, 1n this example an O-ring 133, 1s
located between the end cap 124¢ and the side wall 1244, the
sealing element substantially preventing flow of fluid mto or
out of the inner housing 124 other than via one of the supply
inlet 112, delivery port 114, exhaust outlet 116 or control port
123.

The exhaust outlet 116 1s an aperture provided in the end
cap 124¢, whilst the supply mlet 112 and control port 123 are
provided in the top face 1245 of the inner housing 124. The
main chamber 130 1s, however, located between the control
piston 126 and the end cap 124c¢, and therefore, the control
chamber 122 1s located between the control piston 126 and the
supply inlet 112/delivery port 114. As such, in order for the
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supply mlet 112 to communicate with the main chamber 130
rather than the control chamber 122, a tubular extension 112a
extends from around the aperture forming the supply inlet 112
into the control chamber 122, through a generally central
aperture 1265 provided 1n the control piston 126, and 1nto the
main chamber 130. A free end 1125 of the tubular extension
1124 1s theretore located 1n the main chamber 130. A seal, 1in
this example an O-ring 140, 1s provided 1n a groove 1n the
control piston 126 around the aperture 1265, to provide a
substantially fluid tight seal between the control piston 126
and the outer diameter of the tubular extension 112a. Thus,
movement of the control piston 126 relative to the modulator
inner housing 124 1s permitted whilst maintaining separation
of the fluid 1n the control chamber 122 from fluid in the main
chamber 130.

The control chamber 122 1s formed between the top face
1245 of the inner housing 124 and the control piston 126, the
O-ring 128 in the control piston 126 engaging with the side
wall 1244 of the inner housing 124. The side wall 124q of the
inner housing 124 1s provided with a delivery port 114 1nto the
main chamber 130, this aperture therefore providing the
delivery port 114. Two further sealing elements, 1n this
example O-rings 125a & 1255, are mounted around the outer
circumierence of the side wall 1244 of the inner housing, the
delivery port 114 being located between the two sealing ele-
ments 125a, 12564.

A second movable member 132, hereinafter referred to as
the reservolr valve 132, 1s provided 1n the main chamber 130.
The reservoir valve 132 1s provided with a generally circular
seat part 132a which 1s biased mnto engagement with the free
end of the tubular extension 1124 surrounding the supply inlet
112, by means of a compression spring, hereinafter referred
to as the reservoir spring 144.

The free end of the tubular extension 112a 1s provided with
a valve 1125 formation—in this example a generally circular
ridge, for engagement with the reservoir valve 132. More-
over, an annular seat insert 132¢, 1n this example made from
a resilient rubber material, 1s provided 1n the seat part 132aq.
These assist 1n providing a fluid tight seal between the seat
part 132a and the tubular extension 112a when the two are
engaged, thereby closing the supply mlet 112. It will be
appreciated, of course, that a resilient seat insert could be
provided on the free end 1125 of the tubular extension 112a,
and the valve formation on the reservoir valve 132.

The reservoir valve 132 also includes a tubular locating

part 1326 which extends from the seat part 132a towards the
end cap 124c¢ of the inner housing 124. The locating part 1325
surrounds a portion of the reservoir spring 144 and extends
between the seat part 132a and a supporting part 148 of the
end cap 124¢. The supporting part 148 1s goblet shaped, 1n
that 1t comprises a cup part 148a which has a generally cir-
cular base and sidewall which encloses a generally cylindrical
space, and a stem part 1485 which extends between the base
of the cup part 148a and the end cap 124c.
The stem part 1485 of the supporting part 148 1s connected
to the remainder of the inner housing 124 by means of (in this
example two radially opposing) struts (not shown) which
extend from the area of the end cap 124¢ surrounding the
exhaust outlet 116 to the base of the stem part 1485, thus
supporting the stem part 1485 generally centrally in the
exhaust outlet 116, without impending flow of fluid through
the exhaust part to any significant degree.

The locating part 1325 of the reservoir valve 132 extends
into the cup part 148a of the supporting part 148, and has a
seal 150 (again, 1n this example, an O-ring) provided around
its outer surface. The O-ring 150 engages with the inner
surface of the cup part 148a to provide a substantially fluid
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tight seal between the reservoir valve 132 and the end cap
124¢ whilst allowing the reservoir valve 132 to move against
the biasing force of the reservoir spring 144 out of engage-
ment with the tubular extension 112a around the supply inlet
112.

So as to prevent fluid pressure at the supply inlet 112
exerting a net force on the reservoir valve 132 tending to push
the reservoir valve 132 against the biasing force of the reser-
voir spring 144 and out of engagement with the tubular exten-
sion 112a, the reservoir valve 132 1s provided with a through-
bore which extends from a generally central portion of the
seat part 132a enclosed by the seat insert 132¢ and connects
the supply 1nlet 112 with the volume enclosed by the locating,
part 1325 and the cup part 148a of the supporting part 148.
Two sides of the reservoir valve 132 are therefore exposed to
the fluid at the supply 1nlet. 112—the uppermost side of the
seat part 132q and the lowermost side of the seat part 132q and
locating part 132b.

Moreover, the diameter of the valve formation 11254 1s
substantially equal to the inner diameter of the cup part 148a
of the supporting part 148. As such the area enclosed by the
points ol contact between the valve formation 11256 and the
seat insert 132¢ and the area enclosed by the points of contact
between the O-ring 150 and the supporting part 148 are sub-
stantially equal. This ensures that, when the reservoir valve
132 1s engaged with the tubular extension 1124, the two sides
of the reservoir valve 132 exposed to the supply ilet fluid
pressure are substantially equal 1n area, and the supply nlet
fluid pressure exerts negligible net force on the reservoir
valve 132.

The control piston 126 1s provided with a plurality of
castellations 126a which are spaced around the generally
central aperture 1265 and extends towards the reservoir valve
132. It will be appreciated that engagement of the castella-
tions 126a with the reservoir valve 132 sets a minimum spac-
ing between the control piston 126 and the reservoir valve
132.

The modulator 111 1s also provided with a third movable
member 152, hereinafter referred to as the exhaust valve 152.
The exhaust valve 152 has a tubular body 1524 which sur-
rounds the cup part 148a of the supporting part 148. A seal
154, 1n this example an O-ring, 1s located 1n a groove around
the radially inward facing surface of the tubular body 1524
and provides a substantially fluid tight seal between the
exhaust valve 152 and the outer surface of the cup part 148a
of the supporting part 148, whilst allowing the exhaust valve
152 to slide longitudinally relative to the supporting part 148.

At the end of the tubular body 1524 adjacent the end cap
124c, there 1s provided a radially outwardly and inwardly
extending tlange part which provides support for an exhaust

seat 1nsert 152b. Preferably, the exhaust seat insert 1525 1s
made from a resilient material such as rubber. The exhaust
valve 152 1s movable relative to the inner housing 124 to bring,
the exhaust seat insert 1525 1nto and out of engagement with
a valve formation, which comprises a generally circular ridge
116a which extends into the main chamber 130 from the
portion of the end cap 124c¢ surrounding the exhaust outlet
116. Engagement of the exhaust valve 152 with the end cap
116 1n this way substantially prevents flow of fluid through
the exhaust outlet 116. It will be appreciated, of course, that a
resilient seat mnsert may be provided on the end cap 124¢ of
the mner housing 124 around the exhaust port 116, and the
valve formation on the exhaust valve 152.

A mechanical link 1s provided between the control piston

126 and the exhaust valve 152. In this example, the link
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comprises a plurality of connecting rods 156 which extend
from the control piston 126 into the main chamber 130 to the
exhaust valve 152.

The other end of the tubular body 1524 of the exhaust valve
152, 1.e. the end adjacent the control piston 126, 1s provided
with a radially outwardly extending connection flange 152c¢.
A series of apertures are provided 1n this connection flange
152c¢, generally equally spaced around the circumierence of
the tubular body 152a. Through each of these apertures
extends a connecting rod 156. Each connecting rod 156 has a
first end 156a which 1s secured to the control piston 126, and
a second end which 1s provided with a stop part 1566 which
extends generally perpendicular to the longitudinal axis of the
connecting rod 156. It will be appreciated that, to simplity
manufacture of the modulator 111, the connecting rods 156
cannot be integral with the control piston 126, and advanta-
geously either the connecting rods 156 are fastened to the
control piston, or the stop part 1565 is fastened to the con-
necting rods 156.

The exhaust valve 152 1s also provided with a stop part
1524 which comprises a flange which extends radially out-
wardly from the tubular body 152a and which 1s located
between the exhaust seat mnsert 1526 and the connection
flange 152¢. The connecting rods 156 can slide 1n the aper-
tures, and therefore movement of the control piston 126 rela-
tive to the exhaust valve 152 1s permitted, but 1t will be
appreciated that engagement of the stop parts 1565 of the
connecting rods 156 with the connection flange 152¢ sets a
maximum spacing between the control piston 126 and the
exhaust valve 152, and engagement of the stop parts 1565 of
the connecting rods 156 with the stop part 1524 of the exhaust
valve 152 sets a minimum spacing between the control piston
126 and the exhaust valve 152.

An alternative configuration of this link 1s illustrated 1n
FIG. 4, which shows a perspective view of an alternative
embodiment of the control piston 126' from the main chamber
side of the piston. In this version, the link 1s provided by four
U-shaped legs 156', the base part of which 1s provided with a
radially inwardly extending lip formation 1565'. In this case,
the connection flange 152¢ of the exhaust valve 152 1s not
provided with a series of apertures, and the legs 156' lic
radially outwardly of the connection flange 152¢ with the lip
formation 1565' extending into the space between the con-
nection tlange 152¢ and the stop part 152d. Advantageously,
the legs 156" are sulficiently flexible and resilient that, during
assembly of the modulator 111, the legs 156' may be bent
slightly to force the lip formations 1565' over the connection
flange 152¢ until the lip formation 1585' snaps into place 1n
the space between the connection flange 152¢ and the stop
part 1524d.

It should be appreciated that, whilst in these embodiments
of the mvention the link between the control piston 126 and
the exhaust valve 152 comprises a longitudinal element—the
connecting rods 156 or legs 156', which 1s fixed to the control
piston 128, and radially outwardly extending flanges which
are provided on the exhaust valve and form the stop parts
1524 and 1565, the longitudinal link element may be pro-
vided on the exhaust valve 152 and the stops on the control
piston 126.

The diameter of the valve formation 1164 surrounding the
exhaust outlet 116 which engages with the exhaust seat insert
1525 1s deliberately selected to be greater than the diameter of
the cylindrical space enclosed by the tubular body 1524 of the
exhaust valve 152. This means that, the area enclosed by the
points of contact between the exhaust valve formation 116a
and the exhaust seat insert 1525 1s greater than the area
enclosed by the points of contact between the O-ring 154 and
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the cup part 148a of the supporting part 148. As such, when
the exhaust valve 152 1s engaged with this ridge, the fluid
pressure 1n the main chamber 130 exerts a net force on the
exhaust valve 152 which pushes the exhaust valve 152 mto
engagement with the exhaust valve formation 116a.

In one embodiment of the invention, the difference in
diameter 1s selected so that the force pushing the exhaust
valve 152 into engagement with the end cap 124¢ of the inner
housing 124 (1.e. the exhaust seat energisation) 1s around 1
N/mm when the pressure 1n the main chamber 1s 10 bar. It will
be appreciated, however, that this difference can be tailored to
give whatever seat energisation 1s required—either higher or
lower, without having any effect on the cracking pressure of
the modulator 111.

A spring 158 1s provided between the control piston 126
and the exhaust valve 152. This spring, hereinatter referred to
as the exhaust spring 138, 1s, 1n this example, a helical com-
pression spring, extends from the control piston 126 to the
connection flange 152¢ of the exhaust valve 152, and 1is
located radially mnwardly of the connecting rods 156, around
the tubular extension 112a and a portion of the reservoir valve
132.

Flow of fluid between the supply inlet 112, the delivery
port 114 and the exhaust port 116 1s controlled by movement
of the control piston 126 under the influence of tluid pressure
in the control chamber 122, as 1n prior art modulators. In this
example, a conventional electrically operated control valve
assembly 200, comprising three solenoid operated valves 1s
provided to control flow of pressurised fluid into the control
chamber 122. For simplicity, in FIGS. 1, 2 and 3, only one
inlet for supply of fluid to and from the control chamber 122
1s shown—the control port 123 in the top face 1245 of the
inner housing 124, and the control valve assembly 200 has
been omitted. The preferred embodiment of the mvention 1s
slightly more complex than this, however, and requires at
least two ports 1nto the control chamber 122.

FI1G. 5 15 a schematic illustration of the preferred embodi-
ment of control valve assembly 200. This shows a portion of
the modulator 111 including the top face 1245 of the inner
housing 124, the supply inlet 112 and 1ts connection to a
reservoir of pressurised fluid 202, and the control piston 126.
It also shows a first solenoid operated valve 204, hereinafter
referred to as the hold valve 204, a second solenoid operated
valve 206, heremafiter referred to as the dump valve 206, and
a third solenoid operated valve 208, hereinafter referred to as

the pneumatic back-up valve 208.
Each of these valves 204, 206, 208 has an inlet 2044, 2064,

208a, an outlet 20454, 2065, 2085 and a valve member 204c,
206¢, 208¢. Each valve member 204¢, 206¢, 208¢ 1s mounted
in a cylindrical support housing 2044, 2064, 2084 and 1is
movable between an open position in which flow of fluid
between the inlet 204a, 2064, 208a and the outlet 2045, 2065,
2085 1s permitted, and a closed position 1n which tlow of fluid
between the inlet 204a, 206a, 208a and the outlet 2045, 2065,
2085 1s substantially prevented. Each valve 204, 206, 208 is
provided with a biasing means such as a helical spring (not
shown) which, 1n the case of the hold and dump valves 204,
206, biases the valve member 204¢, 206¢ into the closed
position, and which, 1n the case of the pneumatic back-up
valve 208, biases the valve member 208¢ into the open posi-
tion.

Each valve 204, 206, 208 1s also provided with a solenoid
204/, 206/, 208/ which 1s mounted around the circumfter-
ence ol the support housing 2044, 2064, 2084, and each valve

member 204¢, 206¢, 208c¢ 1s constructed such that passage of
an electrical current through the solenoid 204/, 206/, 208/
causes the valve member 204¢, 206¢, 208¢ to move against
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the biasing force of the spring to the open position in the case
of the hold and dump valves 204, 206 and to the closed
position in the case of the pneumatic back-up valve 208. The
flow of electrical current to the solenoids 204/, 206/, 208/ 1s
typically controlled by an electronic braking control unait.
The inlet 2064 of the dump valve 206 i1s connected to the
control chamber 122 via the control port 123, as are the outlets

204b, 2085 of the hold valve 204 and the pneumatic back-up
valve 208. The 1nlet 2044 of the hold valve 204 1s connected
to the pressurised fluid reservoir 202 via the supply mlet 112,
the let 208a of the pneumatic back-up valve 208 is con-
nected to a flmd tlow line carrying a fluid pressure braking
signal from a brake pedal 210, and the outlet 2065 of the dump
valve 206 vents to a low pressure region, typically atmo-
sphere.

The modulator 111 operates as follows.

When electronic braking control 1s demanded, the pneu-
matic back-up valve 208 1s closed, by the supply of electrical
current to the solenoid of this valve 208.

When there 1s no braking demand, the modulator 111
adopts the exhaust configuration as illustrated 1n FIG. 1. An
clectrical current is supplied to the solenoid of the dump valve
206, but not to the hold valve 204. The hold valve 204 1s
therefore closed. The control chamber 122 1s thus vented to
atmosphere, and the control piston 126 1s located such that the
volume of the control chamber 122 1s at a minimum. The
reservoir seat part 132a 1s engaged with the tubular extension
112a of the supply inlet 112 so that flow of fluid from the
supply inlet 112 into the main chamber 130 1s substantially
prevented, and the exhaust seat insert 1525 1s spaced from the
end cap 124¢ of the mnner housing 124 such that flow of fluid
from the delivery port 114 to the exhaust outlet 116 1s per-
mitted.

When a braking demand signal 1s received, an electrical
current 1s supplied to the solenoid of the hold valve 204, but
not the dump valve 206. The hold valve 204 thus directs
pressurised tluid from the reservoir 202 to the control cham-
ber 122 via the control port 123 and control inlet 123a. The
control piston 126 1s acted on by the increasing pressure in the
control chamber 122 and 1s pushed towards the reservoir
valve 132 and the exhaust valve 152. The force from the
pressure 1n the control chamber 122 1s transmitted to the
exhaust valve 152 via the exhaust spring 158, and as the
control piston 126 moves to increase the volume of the control
chamber 122, the exhaust valve 152 moves with it, until the
exhaust seat insert 1525 engages with the ridge around the
exhaust outlet 116. Fluid flow through the exhaust outlet 1s
thus substantially prevented.

As the pressure 1n the control chamber 122 increases fur-
ther, the exhaust spring 138 1s compressed as the control
piston 126 continues to move to further increase the volume
of the control chamber 122. The castellations 1264 on the
control piston 126 then engage with the reservoir valve 132
and push the reservoir seat part 132aq out of engagement with
the tubular extension 112a so that flow of fluid through the
supply 1nlet 112 to the main chamber 130 and then to the
delivery port 114 1s permitted. The stop parts 1565 on the
connecting rods 156 then engage with the stop part 1524 on
the exhaust valve 152 to bring movement of the control piston
126 to a stop. The modulator 1s then 1n the build configuration
as 1llustrated in FIG. 2.

It will be appreciated that the height of the castellations
126a 1s selected to ensure that the exhaust valve 152 1s
engaged with the end cap 124c¢ of the inner housing 124, thus
closing the exhaust outlet 116, before the castellations 126qa
engage with the reservoir valve 132. If this was not the case,
the supply 1nlet 112 and the exhaust port 116 would be open
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at the same time, which would result 1n venting of the pres-
surised tluid supply to the atmosphere. Similarly, 1t will be
appreciated that the separation of the stop part 1524 and
connection flange 152¢ of the exhaust valve 152 i1s selected
such that the stop parts 1565 of the connecting rods 156 do not
engage with the stop part 1524 of the exhaust valve 152 until
the control piston 126 has pushed the reservoir valve 132 far
enough away from the tubular extension 112a to ensure sub-
stantially unimpeded flow of fluid through the supply inlet
112.

If the exhaust valve 152 should stick, so that, as the pres-
sure 1n the control chamber 122 builds, 1t doesn’t move and,
instead, the exhaust spring 158 1s compressed, it 1s possible
that the castellations 126a could engage with the reservoir
valve 132 to open the supply 1nlet 112 whilst the exhaust port
116 1s still open. The stop part 1524 on the exhaust valve 152
mitigates this problem, because, as the exhaust spring 158 1s
compressed, the stop parts 1565 of the connecting rods 156
engage with the stop part 1524 of the exhaust valve 152 when
the supply mlet 112 1s partially open. This either forces the
exhaust valve 152 to move to close the exhaust outlet 116, or
prevents further movement of the control piston 126 and the
supply 1nlet 112 being fully opened.

In order to move the modulator 111 to the hold configura-
tion 1llustrated in FIG. 3, in which both the exhaust outlet 116
and the supply inlet 112 are closed, electrical current 1s sup-
plied to neither the hold valve 204 or the dump valve 206.
Flow of pressurised fluid into the control chamber 122 1is
stopped, and the control chamber 122 1s closed. As fluid
continues to flow through the supply 1nlet 112 to the delivery
outlet 114, fluid pressure 1n the main chamber 130 increases,
and acts on the control piston 126 pushing it to reduce the
volume of the control chamber 122. The reservoir valve 132
1s therefore free to move towards the control piston 126 under
the action of the reservoir spring 144, until the annual seat
insert 132¢ engages with the tubular extension 112a to close
the supply inlet 112 again. As this stops the tlow of pres-
surised fluid into the main chamber 130, movement of the
control piston 126 stops at an equilibrium position when the
force exerted on the control piston 126 by fluid pressure in the
control chamber 122 balances the force exerted by fluid pres-
sure 1n the main chamber 130.

The modulator 111 1s returned to the exhaust configuration
by the supply of an electrical current to the dump valve 206 to
vent the control chamber 122 to atmosphere. The control
piston 126 1s then able to move under the influence of the fluid
pressure 1n the main chamber 130 to minimise the volume of
the control chamber 122, and engagement of the stop parts
1566 of the connecting rods 156 with the connection flange
152¢ of the exhaust valve 152 causes the exhaust valve 152 to
be pulled out of engagement with the end cap 124¢ of the
inner housing 124, and theretfore the exhaust port 116 opened.

The pneumatic back-up valve 208 only opens 11 the elec-
trical power supply to the braking system fails, and electronic
braking control 1s no longer available. In the absence of an
clectrical current, the pneumatic back-up valve 208 automati-
cally opens, and connects the control chamber 122 to the fluid
pressure braking signal. The control piston 126 then moves
under the mfluence of the fluid pressure braking control sig-
nal.

As mentioned above, 1n order to simplily the above expla-
nation ol the construction and operation of the modulator 111,
the schematic illustrations in FIGS. 1, 2, 3, and 5 show a
simplified arrangement of the control valve assembly 200,
pressure transducer port 212 and control port 123. In a first
embodiment of the invention, these parts are arranged as

illustrated 1n FIGS. 6a, 65, 6¢, and 64.

10

15

20

25

30

35

40

45

50

55

60

65

12

Referring now to FIGS. 6a to 6e, these show the inner
housing 124 with the support housings 204d, 2064, 2084 of

the hold valve 204, dump valve 206 and pneumatic back-up
valve 208 secured to the top face 1245 of the 1inner housing
124, in this example, by means of fasteners such as bolts or
screws. The supply imlet 112 comprises a cylindrical tube
which 1s integrally formed with the top face 1245 of the inner
housing 124 and extends normally from the centre of the top
tace 1245 of the inner housing. A seal 214, 1n this example an
O-ring, 1s mounted around the supply inlet, supported by a
shoulder 216 1n the mnner housing 124 which extends radially
outwardly of the supply inlet 112. Either side of the supply
inlet 112 are located a control inlet 123a and a control exhaust
1235 which, 1n this example, are also cylindrical tubes which
are integrally formed with the top face 1246 of the inner
housing 124. Seals 218, 220 are, again in this example
O-rings, are mounted around the control inlet 123q and con-
trol exhaust 1235 respectively, supported by a shoulder 216 in
the inner housing 124 which extends radially of the control
inlet 123q and control exhaust 1235.

As best 1llustrated 1n FI1G. 6b, the supply inlet 112, control
inlet 123q and control exhaust 1235 lie on a generally straight
line with the supply mlet 112 between the control ilet 123a
and control exhaust 1235. The hold valve 204 and pressure
transducer port 212 lie on one side of this line, whilst the
dump valve 206 and pneumatic back-up valve 208 lie on the
other side of this line, the dump valve 206 being adjacent the
control exhaust 1235 and the pneumatic back-up valve 208
being adjacent the control inlet 123a.

As best 1llustrated in FIGS. 6¢ and 64, each valve member
204¢c, 206¢, 2084 of the control valve assembly 200 is
mounted 1 a cylindrical valve space 204e, 206e, 208¢
enclosed by a side wall integrally formed with the top face
1245 of the inner housing 124. Three apertures are provided
in the top face 1245 of the inner housing 124, each connecting
one of the cylindrical valve spaces 204e 206¢, 208¢ with the
control chamber 122. The apertures therefore form the outlet
204b, 2060, 2085 of the hold valve 204, dump valve 206 and
pneumatic back-up valve 208 respectively. A slight ridge 1n
the top face 1245 of the inner housing 124 around the aperture
provides a valve seat, and, when 1n the closed position, each
valve member 204¢, 206¢, 208¢ 1s engaged with this seat to
substantially prevent flow of fluid between the cylindrical
valve space 204¢, 206¢, 208¢ and the control chamber 122.

Each support housing 2044, 2064, 2084 comprises a tube
which extends around the valve member 204¢, 206¢, 208¢
into the cylindrical valve space 204¢, 206¢, 208¢, a substan-
tially fluid tight seal, in this example an O-ring, being pro-
vided between the support housing 2044, 2064, 2084 and the
top face 1245 of the inner housing 124. The resilient biasing
clement 1n this example comprises a helical spring 204g,

2062, 2082 which 1s located 1n the cylindrical valve space
204e, 206¢, 208¢ around the end of the valve member 204c¢,

206¢, 208¢ adjacent the outlet 2045, 2065, 2085b. The spring
204 ¢ of the hold valve 204 extends between a shoulder pro-
vided on the valve member 204¢ and the support housing
2044 so as to bias the valve member 204c¢ 1nto engagement
with the valve seat, as does the spring 206¢ of the dump valve
206. In contrast, the spring 208¢ of the pneumatic back-up
valve 208 extends between a shoulder provided on the valve
member 208¢ and the top face 1245 of the inner housing 124,
so as to bias the valve member 208¢ out of engagement with
the valve seat.

In this example, the inner housing 124 1s also provided with
a pressure transducer port 212 which is integrally formed 1n
the top face 1245 of the inner housing 124 and extends from
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the top face 1245 of the mner housing 124 into the main
chamber 130 via an aperture provided 1n the side wall 124¢ of
the 1nner housing 124,

As best illustrated 1n FIG. 65, four connecting passages are
integrally formed 1n the top face 1245 of the inner housing
124. The first connecting passage 222 connects the cylindri-
cal valve space 204e of the hold valve 204 with the supply
inlet 112, and thus forms the inlet 204a of the hold valve. The
second connecting passage 224 connects the cylindrical valve
space 206¢ of the dump valve 206 with the control exhaust
1235 and thus forms the inlet 2064 of the hold valve. The third
connecting passage 226 connects the cylindrical valve space
208¢ of the pneumatic back-up valve 208 with the control
inlet 123a, and thus forms the inlet 208a of the pneumatic
back-up valve 208. Finally, the fourth connecting passage 228
connects the pressure transducer port 212 to the main cham-
ber 130.

It will be appreciated that these connecting passages 222,
224,226, 228 complete the connections 1llustrated schemati-
cally in FIG. 5, and allow the modulator 111 to be operated as
described above.

In order to provide connections to a vehicle braking sys-
tem, an outer housing 230, which 1s illustrated in FIGS. 64
and 6e, 15 mounted over the inner housing 124. In this
embodiment of the ivention, the outer housing 230 com-
prises a top cap which encloses the side wall 124q and top face
1245 of the inner housing 124, the end cap 124¢ extending out
of and not being enclosed by the outer housing 230. The top
cap of the outer housing 230 includes a generally cylindrical
side wall 230a which engages with the two seals 125q, 1255
to provide a substantially fluid tight seal. The top cap of the
outer housing 230 also includes a top face 2305 which closes
one end of the side wall 230a.

The top cap of the outer housing 230 1s provided with a
delivery port 232 which extends from the exterior of the outer
housing 230 through the side wall 230q and 1nto the annular
space between the side walls of the mner housing 124 and
outer housing 230 and the two seals 125a, 1255. The top cap
of the outer housing 230 1s also provided with a supply port
234 which comprises a tube integrally formed with the top
tace 23056 of the outer housing 230. This extends from the
exterior of the outer housing 230 to engage with the seal,
O-ring 214, around the supply inlet 112 1n the inner housing
124. By virtue of this seal 214, the supply port 234 and supply
inlet 112 together provide a substantially fluid tight conduait
between main chamber 130 of the valve member assembly
and the exterior of the outer housing 230.

Whilst the outer housing 230 may comprise just a top cap
which provides a first port and a second port with a first and a
second mating part to engage with the supply inlet 112 and the
delivery port 114 of the modulator, 1n this case, as the modu-
lator also includes a control inlet 1234 and a control exhaust
1235, the top cap also provides ports and mating parts to
engage with the control inlet 123a and control exhaust 1235.

In this example, the top cap of the outer housing 230 1s also
provided with a control port 236 which comprises a tube
integrally formed with the top face 23056 of the outer housing
230. This extends from the exterior of the outer housing 230
to engage with the seal, O-ring 218, around the control nlet
123a 1n the mner housing 124. Similarly, 1n this example, the
top cap of the outer housing 230 1s also provided with an
exhaust port 238 which comprises a tube integrally formed
with the top face 23056 of the outer housing 230. This extends
from the exterior of the outer housing 230 to engage with the
seal, O-ring 220, around the control exhaust 1235 1n the inner
housing 124. By virtue of these seals 218, 220, the control
port 236 and control inlet 123a together and the exhaust port
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238 and control exhaust 1235 together both provide a sub-
stantially tluid tight conduit between the exterior of the outer
housing 230 and the control chamber 122 of the valve mem-
ber assembly, via the back-up valve 208 and dump valve 206
respectively.

In this example, the side wall 230a of the outer housing 230
1s made from die cast metal, whilst the top face 2306 1s made
from a polymer, an O-ring 246 being provided to ensure a
substantially fluid tight seal between the two parts of the outer
housing 230.

An electronic circuit board (ECB) 240 1s mounted 1n the
top cap of the outer housing 230 so that 1t lies between the top
faces 124b, 2305 of the inner 124 and outer 230 housings. The
clectrical solenoids 204/, 206/, 208/ required for operating
the hold valve 204, dump valve 206 and pneumatic back-up
valve 208 respectively are mounted on the ECB 240, so that
they envelope their respective support housing 2044, 2064,
2084 (best illustrated schematically in FIG. 5). A pressure
transducer 244 1s also mounted on the ECB 240 so that 1t
engages 1n a tluid tight manner with the pressure transducer
port 212 and can therefore measure the fluid pressure 1n the
main chamber 130.

The ECB 240 includes the required electronic connections
and components for controlling flow of an electrical current to
the solenoids 204/, 206/, 208/, and for obtaining an electri-
cal pressure signal from the pressure transducer 244. An
clectrical connector 242 1s provided on the outer housing 230
and this provides an external electrical connection to the ECB
240. Preterably the electrical connector 242 1s configured to
be connectable to a four pin CAN bus.

Thus, when the valve assembly 110 1s used 1n a vehicle
braking system, the supply port 234 1s connected to a source
of pressurised fluid, a compressed air reservoir for example,
the control port 236 1s connected to the source of a fluid
pressure braking demand signal, the delivery port 232 1s
connected to a fluid pressure operated brake actuator, and the
clectrical connector 242 1s connected to the main electronic
control unit of the braking system.

An alternative configuration of the valve assembly 110 1s
illustrated 1n FIGS. 7a, 75, 7c and 7d In this configuration, the
supply 1nlet 112 also comprises a tube which 1s integrally
formed with the top face 124H of the mnner housing 124, but
differs from the embodiment of the invention 1illustrated 1n
FIGS. 6a, 6b, 6¢ and 64 1n that the supply inlet 112 extends
initially normally from the centre of the top face 1245 of the
inner housing 124, but then bends through around 90° and
extends towards the circumierence of the top face 1245. A
seal 214, 1n this example an O-ring, 1s mounted 1n a groove
around the end of the supply mlet 112, which lies on a diago-
nal at around 45° to and facing up from the top face 1245 of
the inner housing 124. This engages with a correspondingly
angled face of the supply port 234 of the outer housing 230.

Moreover, the control inlet 1234, 1s again integrally formed
with the top face 1245b of the inner housing 124, but extends
from the valve space 208e¢ of the pneumatic back-up valve
208 towards the circumierence of the top face 1245. A seal
218, in thus example an O-ring, 1s mounted 1n a groove around
the end of the control inlet 123a, which also lies on a diagonal
at around 45° to and facing up from the top face 1245 of the
inner housing 124. As with the supply inlet 112, this engages
with a correspondingly angled face of the control port 236 of
the outer housing 230.

Finally, in this embodiment of the mvention, the control
exhaust 1235 extends from the valve space 206¢ of the dump
valve 206 generally normally from the top face 1245 of the
inner housing 124. The exhaust port 238 of the outer housing
comprises a tube which 1s itegrally formed 1n the top face
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2305 of the outer housing 230 and extends from the exterior
of the outer housing 230 into the control exhaust 1235 1n the
inner housing 124.

A third embodiment of the valve assembly 110 1s 1llus-
trated 1n FIGS. 8a, 8b, 8¢ and 8d. Again, this embodiment of
the invention differs from the previous version only 1n rela-
tion to the configuration of the supply 1nlet 112, control inlet
123a and control exhaust 1235 1n the mner housing 124, and
the manner of their engagement with the supply port 234,
control port 236 and exhaust port 238 1n the outer housing
230. In this case, the configuration 1s very similar to the first
embodiment 1illustrated 1n FIGS. 6a, 65, 6¢, 6d, and 6¢ 1in
terms of the positioning of the supply mlet 112, the control
inlet 1234 and the control exhaust 12354. In this embodiment,
however, the seals with the outer housing 230 are all radial
seals. In other words, each of the supply inlet 112, control
inlet 123a and the control exhaust 1235 comprises a tube
which 1s mtegrally formed with and extends generally per-
pendicular to the top face 1245 of the inner housing 124. The
supply port 234, control port 236 and exhaust port 238 also
cach comprise a tube which i1s itegrally formed with and
extends generally perpendicular to the top face 2305 of the
outer housing 230 to surround the supply inlet 112, control
inlet 123q and control exhaust 1235 respectively. The O-rings
214, 218 and 220 are all mounted around the outer surface of
the supply inlet 112, control 1nlet 123a and control exhaust
1235 respectively and engage with the mner surface of the
tube of the supply port 234, control port 236 and exhaust port
238 respectively, so as to provide a substantially fluid tight
seal between the adjacent parts. By virtue of this arrangement
all the seals between the inner housing 124 and the outer
housing 230 are between surfaces which extend generally
parallel to the side walls 124a and 230q of the inner 124 and
outer housings 230. This means that some sliding movement
of the mnner housing 124 with respect to the outer housing 230
can be accommodated without the integrity of these seals
being compromised.

Whilst in the embodiments of the mmvention described
above, the outer housing 230 has only one delivery port 232,
it should be appreciated that more than one port mnto the
annular space between the housings 124, 230 and the two
O-rings 125a, 12556 may be provided in the outer housing 230.
When used 1n a vehicle braking system, this enables the valve
assembly 110 to provide pressurised fluid to more than one
brake actuator. Significantly, to do this, requires only a
change 1n the configuration of the outer housing 230. Thus,
the same modulator 111 may be used regardless of how many
brake actuators the valve assembly 110 1s intended to control.

Similarly, by virtue of the use of an outer housing 230 the
positions of the connections to the source of pressurised tluid
(1.e. the supply port 234), and the fluid pressure braking
demand signal (1.e. the control port), may be varied to accom-
modate different configurations of vehicle braking system,
using a standard modulator 111 and by changing the configu-
ration of the outer housing 230 only.

The outer housing 230, or at least the side walls 230a of the
outer housing 230, may also be configured to receive and
provide tluid connections to more than one modulator 111.

Whilst the outer housing 230 may comprise only the top
cap, in these examples 1t also comprises a bottom cap 230c¢
which covers the end cap 124c¢ of the inner housing 124 of the
modulator 111. The bottom cap 230c¢ has one or more aper-
tures through which fluid passing through the exhaust port
116 of the modulator may vent, and may also provide support
for a valve member 250 such as that described in GB
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2467958, which 1s designed to limit water/contaminant
ingress into the modulator whilst permitting free flow of fluid
out of the exhaust port 116.

An alternative embodiment of imner housing 124' 1s 1llus-
trated schematically in F1G. 9, and in perspective view 1n FIG.
10. This embodiment of inner housing 124" also has a gener-
ally cylindrical side wall 1244', and a generally circular top
face 1245' which closes a first end of the side wall 1244, and
an end cap 124¢'. Again, in this example, the top face 1245 1s
integral with the side wall 1244', whilst the end cap 124¢' 1s a
separate component. A sealing element, 1n this example an
O-ring 133", 1s located between the end cap 124¢' and the side
wall 1244, the sealing element substantially preventing flow
of fluid into or out of the inner housing 124' other than via one
of the supply mlet 112', delivery port 114", exhaust outlet 116’
or control port 123"

As 1n the first embodiment of inner housing 124 described
above, the exhaust outlet 116' 1s an aperture provided in the
end cap 124¢', whilst the supply inlet 112' and control port
123" are provided 1n the top face 1245' of the mnner housing
124'. In this embodiment of inner housing 124', however, the
control port 123" 1s formed by an annular aperture which
surrounds, and 1s coaxial with, the supply mnlet 112"

Moreover, 1n this embodiment of inner housing, the end
cap 124¢' 1s provided with a plurality of bayonet connector
formations 300 which are spaced around an outer surface of
the end cap 124¢', and which extend generally perpendicular
to the longitudinal axis A of the valve assembly 110"'.

This alternative embodiment of the valve assembly 110 1s
placed 1n an outer housing 230', which 1s 1llustrated in FIGS.
11a, 116 and 12. Again, the outer housing 230' comprises a
top cap which encloses the side wall 124q' and top face 1245’
of the inner housing 124', the end cap 124¢' extending out of
the outer housing 230'. In this embodiment of the invention,
however, the end cap 124¢' of the valve assembly 110' 1s
partially enclosed by the top cap of the outer housing 230'.

Again, the top cap of the outer housing 230' includes a
generally cylindrical side wall 230a' which engages with the
two seals 1254', 12550' to provide a substantially fluid tight
seal, and a top face 2305 which closes one end of the side wall
230a.

The top cap of the outer housing 230' 1s provided with a
delivery port (not shown) which extends from the exterior of
the outer housing 230" through the side wall 2304' and 1nto the
annular space between the side walls of the inner housing 124'
and outer housing 230" and the two seals 1254', 1255,

The top cap of the outer housing 230" 1s also provided with
a supply port 234' which comprises a tube integrally formed
with the top face 2305’ of the outer housing 230'". This extends
from the exterior of the outer housing 230' to engage with the
seal around the supply mlet 112" in the inner housing 124'. By
virtue of this seal, the supply port 234" and supply inlet 112
together provide a substantially flmid tight conduit between
the main chamber 130 of the valve member assembly 110" and
the exterior of the outer housing 230'.

Moreover, the top cap of the outer housing 230" 1s also
provided with a control port 236' which comprises an annular
aperture which surrounds and 1s coaxial with the supply port
234'. Again, this extends from the exterior of the outer hous-
ing 230 and the edges of this annular aperture engage with the
seals around the control inlet 1234' 1n the inner housing 124’
By virtue of these seals, the control port 236' and control inlet
123a' together provide a substantially fluid tight conduit
between the exterior of the outer housing 230 and the control
chamber 122 of the valve member assembly.

This embodiment of the invention 1s not provided with a
separate control exhaust, so tluid tlow through the control port
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236'1s, 1n this embodiment, bi-directional, with fluid from the
control chamber being exhausted through the control port
236'.

Again, an electronic circuit board (ECB) may be mounted
in the top cap of the outer housing 230' so that 1t lies between
the top faces 1245', 2305' of the mner 124' and outer 230’
housings, just as described above.

This embodiment of outer housing 230' 1s provided with
bayonet receiving formations 310 to engage with the bayonet
connector formations 300 provided on the inner housing 124",
The bayonet receiving formations 310 comprise generally of
[-shaped recesses 1n the interior surface of the side wall 2304
of the outer housing 230" at the end of the side wall 2304’
opposite to the top face 2305,

The valve assembly 110" 1s secured 1n the outer housing
230" by the conventional manner of using bayonet connectors,
1.e. by pushing the valve assembly 110', top face 1245 first
into the outer housing 230", orienting the valve assembly 110
so that the bayonet connector formations 300 slot into the
bayonet receiving formations 310, and then rotating the valve
assembly 110' relative to the outer housing 230'. In this way,
the valve assembly 110' can only be removed from the outer
housing 230' by rotating the valve assembly 110' back 1n the
opposite direction. In use, the valve assembly 110" and outer
housing are typically arranged with the top faces 1245', 2305’
of the inner housing 124" and the outer housing 230, upper-
most, so the valve assembly 110' 1s supported in the outer
housing 230' by the bayonet connector formations 300.

It will be appreciated, of course, that, whilst in this
example, the inner housing 124' 1s provided with the male
bayonet connector formations 300, and the outer housing 230’
with the female bayonet recerving formations 310, this need
not be the case. The male bayonet connector formations 300
could equally be provided on the interior surface of the outer
housing 230" and the bayonet recerving formations 310 on the
exterior of the inner housing 124'.

Arranging the control port 123' coaxially with the supply
port 112' facilitates the use of a bayonet-type connection
between the mnner housing 124" and outer housing 230, as this
means that 1t 1s not necessary for the inner housing 124' to be
in one particular orientation relative to the outer housing 230
for the control port 236' to be connected to the control inlet
1234'.

The use of a bayonet connector formation may be advan-
tageous over the use of bolts to secure the inner housing of the
modulator with respect to the outer housing, as a user could
undo the bolts when the modulator 1s pressurised, and 1n this
case, the pressure of tluid at the delivery port could cause one
or both parts to fly off and injure the user. In contrast, when a
bayonet connector formation 1s employed, tluid pressure at
the delivery port exerts a force to separate the inner and outer
housing. This pushes the bayonet connector formation hard
against the bayonet receiving formation, with the result that
the frictional forces between the two parts are so high that it
1s very difficult for a user to carry out the relative rotation of
the parts required to separate them.

To further improve the locking of the outer housing with
respect to the inner housing, one of the bayonet connector
formation or the bayonet receiving formation may be pro-
vided with a small recess, and the other with a corresponding
protuberance, the protuberance locating in the recess 1n a
“click fit” arrangement when the two parts are 1n the desired
orientation. This will further increase the force required to
rotate the outer housing with respect to the inner housing
when the modulator 1s pressurised.

This advantage can also be achieved with other locking
arrangements in which; to disengage the outer housing and
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inner housing, a locking part must be slid over a surface
generally perpendicular to the direction in which the inner
housing 1s moved relative to the outer housing when placed in
the outer housing. For example, a slide lock, as 1llustrated in
FIG. 13, may be used.

In this embodiment, both the inner housing and outer hous-
ing are provided with a radially outwardly extending flange
400, 410, which are engaged when the outer housing 1s placed
on the inner housing. To secure the two parts, a locking part
420, having a generally U-shaped cross-section, 1s slid over
the two flanges 400, 410 so that the two flanges 400, 410 are
clamped between two side arms 420q of the locking part 420.
Again, when there 1s fluid pressure at the delivery port, this
pushes the two flanges hard against the side arms 420a of the
locking part 420, thus making 1t very difficult for a user to
slide the locking part back oif the flanges 400, 410. Moreover,
as with the bayonet formation, a click fit arrangement may
also be employed to further impede a user in removing the
locking part 420 when the modulator 1s pressurised. In this
case, the locking part may be provided with a protuberance
which locates 1n a recess 1n one of the flanges, or one of the
flanges may be provided with a protuberance which locates 1n
a recess 1n one of the side arms 420q of the locking part 420.

Advantageously, two or more bayonet connector formation
and bayonet recerving formations or two or more pairs of
flanges and slide locks are provided.

It should be appreciated that the seals used in the modulator
111 need not be O-rings, and instead of having a generally
circular cross-section, may be X or Z-shaped 1n cross-section,
or may comprise a lip seal or any other suitable sealing means
which allows relative movement of the two parts 1n question,
whilst providing a seal between the two parts.

When used 1n this specification and claims, the terms
“comprises” and “comprising” and variations thereof mean
that the specified features, steps or integers are included. The
terms are not to be interpreted to exclude the presence of other
features, steps or components.

The features disclosed 1n the foregoing description, or the
tollowing claims, or the accompanying drawings, expressed
in their specific forms or in terms of a means for performing
the disclosed function, or a method or process for attaining
the disclosed result, as appropriate, may, separately, or 1n any
combination of such features, be utilised for realising the
invention in diverse forms thereof.

The invention claimed 1s:

1. A valve assembly comprising an inner housing in which
1s provided a first port, a second port, and a third port, there
being located within the inner housing a valve member
assembly which 1s movable between a first position 1n which
the second port 1s connected to the third port whilst the first
port 1s closed by the valve member assembly, a second posi-
tion 1n which the first port 1s connected to the second port
whilst the third port 1s closed by the valve member assembly,
and a third position in which at least two of the first, second
and third ports are closed by the valve member assembly,
wherein the valve assembly further comprises an outer hous-
ing which 1s separate from and encloses at least part of the
inner housing, the outer housing having a first port and a
second port, the imnner housing and outer housing each being
provided with first mating parts, which engage to provide a
substantially flmd tight seal between the inner housing and
the outer housing whilst enclosing a conduit for fluid com-
munication between the first port of the inner housing and the
first port of the outer housing, and second mating parts, which
engage to provide a substantially fluid tight seal between the
inner housing and the outer housing whilst enclosing a con-
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duit for fluid communication between the second port of the
inner housing and the second port of the outer housing.

2. A valve assembly according to claim 1 wherein the inner
housing 1s provided with a fourth port tflow which 1s con-

nected to the valve member assembly such that the pressureof >

fluad at the fourth port controls movement of the valve mem-
ber assembly between the first position, second position and
the third position.

3. A valve assembly according to claim 2 wherein the outer
housing 1s also provided with a third port and a third mating
part which engage with the third mating part of the inner
housing to provide a substantially fluid tight seal between the
inner housing and the outer housing whilst enclosing a con-
duit for fluid communication between the fourth port of the

inner housing and the third port of the outer housing.

4. A valve assembly according to claim 3 wherein the inner
housing encloses a volume and the valve member assembly
includes a movable element which divides the volume
enclosed by the mner housing nto a control chamber and a
main chamber, the first, second and third ports extending into
the main chamber, and the fourth port extending into the
control chamber.

5. A valve assembly according to claim 3 wherein the first
port and the fourth port are provided 1n the same side of the
inner housing.

6. A valve assembly according to claim 5 wherein the
tourth port in the inner housing comprises a generally annular
aperture in the inner housing which surrounds and 1s substan-
tially coaxial with the first port.

7. A valve assembly according to claim 4, wherein the inner
housing 1s provided with a fifth port which 1s connected to the
control chamber, and the outer housing 1s also provided with
a fourth port and a fourth mating part which engages with a
fourth mating part of the inner housing to provide a substan-
tially fluid tight seal between the inner housing and the outer
housing whilst enclosing a conduit for fluid communication
between the fifth port of the inner housing and the fourth port
of the outer housing.

8. A valve assembly according to claim 7 wherein the first
port, the fourth port and the fifth port are provided 1n the same
side of the inner housing.
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9. A valve assembly according to claim 1 wherein the outer
housing 1s provided with a plurality of ports 1n fluid commu-
nication with the second port of the inner housing.

10. A valve assembly according to claim 4 wherein the
valve assembly further includes at least one electrically oper-
ated valve which controls flow of fluid mnto and out of the
control chamber.

11. A valve assembly according to claim 10 wherein the
outer housing 1s formed 1n two parts, the ports being provided
in a first part of the outer housing, and electrical control
components by means of which operation of the at least one
clectrically operated valve may be effected being mounted on
the second part.

12. A valve assembly according to claim 1 wherein the
outer housing may include an aperture which 1s 1n fluid com-
munication with the third port of the inner housing.

13. A valve assembly according to claim 12 wherein the
outer housing supports a valve member which 1s adapted to
restrict flow of fluid through the third port of the inner housing
into the mner housing.

14. A valve assembly according to claim 1 wherein the
inner housing 1s placed in the outer housing by translational
movement 1n a {irst direction, and the inner housing 1s secured
relative to the outer housing by a locking means which com-
prises a locking part which engages with the surface of one or
both of the mnner housing and outer housing to prevent sepa-
ration of the inner housing and outer housing, release of the
locking means to permit separation of the inner housing and
outer housing being achieved by sliding the locking part
along said surface in a second direction generally perpendicus-
lar to the said first direction.

15. A valve assembly according to claim 14 wherein the
inner housing 1s secured relative to the outer housing by
means ol a bayonet connection.

16. A valve assembly according to claim 15 wherein the
inner housing 1s provided with a male bayonet connector
formation which 1s located 1n a corresponding recess pro-
vided in the outer housing.

17. A valve assembly according to claim 14 wherein the
inner housing i1s secured relative to the outer housing by
means of a slide lock.
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